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IRFXVHVRQ WKHFKHPLFDO(25DFWLYLWLHV LQYROYHGVXUIDFWDQWDQGSRO\PHU7KLV UHVHDUFKEDVHGRQSHUWLQHQW LQIRUPDWLRQ
IURP YDULRXV UHVRXUFHV VXFK DV MRXUQDO SDSHUV FRQIHUHQFH SDSHUV DQG UHSRUW IURP WKH JRYHUQPHQW %DVHG RQ WKLV
LQIRUPDWLRQWKLVSDSHUH[SODLQLQGHWDLOWKHSURJUHVVRIHDFKSURMHFWDQGLWVKRZVWKHSRWHQWLDORLOILHOGHPSOR\FKHPLFDO
(25LQWKHQHDUIXWXUH*HQHUDOO\WKH(25DFWLYLWLHVFDQEHFDWHJRUL]HGLQWRWZRSKDVHVVXFKDVSUHOLPLQDU\VWXG\SKDVH
DQG ILHOG LPSOHPHQWDWLRQSKDVH ,Q WKHSUHOLPLQDU\ VWXG\ WKHDFWLYLWLHVVLPSO\ LQYROYHH[SHULPHQWDO DQGRU VLPXODWLRQ
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UHVHDUFK FHQWHU ,QVWLWXW 7HNQRORJL %DQGXQJ ,QVWLWXW 3HUWDQLDQ %RJRU 7KHVH DFWLYLWLHV IRFXVHG RQ ODERUDWRU\ DQG
VLPXODWLRQZRUN 7KRVH LQVWLWXWLRQV KDYH EHHQ GHYHORSLQJ WKH FKHPLFDO IRUPXOD FROODERUDWLQJZLWK RLO FRPSDQLHV IRU
DSSO\LQJWKH(25PHWKRGLQWKHLURLOILHOGV&XUUHQWO\VWDWXVRIFKHPLFDO(25DFWLYLWLHVLQFOXGHRLOILHOGVXQGHUSLORW
SURMHFWDQGRLO ILHOGVXQGHU ILHOG WULDO7KHUHDUHRLO ILHOGVDSSO\LQJVXUIDFWDQWRLO ILHOGVE\DONDOLQHVXUIDFWDQW
SRO\PHU$63RLOILHOGVE\SRO\PHURLOILHOGE\VXUIDFWDQWSRO\PHU63DQGRLOILHOGE\FDXVWLF$FFRUGLQJWR
WKLVLQIRUPDWLRQZHZLOOKDYHLQVLJKWNQRZOHGJHDERXWWKH(25FXUUHQWDFWLYLWLHV WKHPDLQLVVXHVIXWXUHDFWLYLWLHVRQ
FKHPLFDO(25LQ,QGRQHVLD0RUHRYHUWKLVVWXG\FDQEHFDPHWKHSUHOLPLQDU\LQIRUPDWLRQIRUUHVHDUFKHUVZKRLQWHUHVWHG
FRQGXFWLQJIXUWKHUUHVHDUFKDQGGHYHORSPHQWRQWKHFKHPLFDO(25DFWLYLWLHVLQWKHQHDUIXWXUH
.H\ZRUGV(25SRO\PHUVXUIDFWDQWRLOILHOGV
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GDLO\ DFWLYLWLHV WKH JRYHUQPHQW KDYH EHHQ SURYLGHG   PLOOLRQ EDUUHOV SHU GD\ VLQFH  +RZHYHU RLO
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6SHFLDO7DVN)RUFH
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
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3HDUFHDQG0HJJLQVRQ6XWDGLZLUDDQG$]ZDU$ELOOLRQEDUUHORLOKDVEHHQSURGXFHGIURPWKDWILHOG
XVLQJ VWHDPIORRGLQJPHWKRG8QIRUWXQDWHO\ WKLVPHWKRG RQO\ IDYRUDEOH IRU KLJK RLO YLVFRVLW\ DQG VKDOORZ GHSWK
UHVHUYRLUVXFKDV'XUL)LHOG/RZRLOYLVFRVLW\DQGGHHSUHVHUYRLUDUH WKHPDMRUIHDWXUHRIRLO ILHOGV LQ ,QGRQHVLD
%DVHGRQWKHVHRLOILHOGVFKDUDFWHULVWLFWKHVWHDPIORRGLQJFDQQRWEHLPSOHPHQWHGLQRWKHUILHOGV&KHPLFDO(25LV
WKH RWKHUPHWKRGV DSSO\LQJ VXUIDFWDQW SRO\PHU VXUIDFWDQWSRO\PHU 63 DQG DONDOLQH VXUIDFWDQW SRO\PHU $63
7KH\DUHPRUHFRQYHQLHQWIRUWKLVORZRLOYLVFRVLW\W\SH,QDGGLWLRQWKHRWKHUZD\VDUHWKURXJKWKHVROYHQWPHWKRG
VXFKDV&2LQMHFWLRQK\GURFDUERQJDVLQMHFWLRQHWF/DNH
7KLVVWXG\SUHVHQWVWKHFKHPLFDO(25PHWKRGIRULPSURYLQJRLOUHFRYHU\$VZHOODVEULHIO\DQGH[KLELWVWKH
UHFHQW FKHPLFDO DFWLYLWLHV HQKDQFHG RLO UHFRYHU\ DQG WKH PDLQ LVVXHV )XUWKHUPRUH SUHGLFWLRQ RI FKHPLFDO (25
DFWLYLWLHVLQWKHQHDUIXWXUHIRULPSURYLQJRLOUHFRYHU\LQ,QGRQHVLD$OOWKHGDWDZHUHFROOHFWHGIURPYDULRXVVRXUFHV
VXFKDVMRXUQDOSDSHUFRQIHUHQFHSDSHUDQGUHSRUWIURPJRYHUQPHQWIRUVXSSRUWLQJWKLVUHVHDUFK$FFRUGLQJWRWKLV
VWXG\ WKLV SDSHU ZRXOG EH SURGXFHG YDOXDEOH LQIRUPDWLRQ IRU UHVHDUFKHUV ZKR KDYH LQWHUHVW ZLWK WKLV WRSLF
$IWHUZDUG WKH\PD\ SURSRVH D IXUWKHU VWXG\ WR GHYHORS FKHPLFDO IRUPXOD IRU LPSURYLQJ RLO UHFRYHU\ XQGHU WKH
ODERUDWRU\ZRUN
2,/352'8&7,21352),/(
2LOSURGXFWLRQKDVEHHQGHFOLQLQJDIWHU WKH VHFRQGSHDNVLQFH7KHGHFOLQH UDWHEHWZHHQDQG
IURPWR'XHWRVRPHHIIRUWVXFKDVLQILOOGULOOLQJZHOOVWLPXODWLRQDQGQHZRLOILHOGVWDUWWRSURGXFWLRQ
WKHGHFOLQHUDWHWXUQRXWVLQFHXSWRQRZ7KHDYHUDJHRLOSURGXFWLRQRI%23'LQ6SHFLDO
7DVN )RUFH IRU8SVWUHDP2LO DQG*DV%XVLQHVV$FWLYLWLHV 5HSXEOLF RI ,QGRQHVLD  )LJXUH  VKRZV WKH RLO
SURGXFWLRQKLVWRU\FXUUHQWDQGIRUHFDVWLQJLQ,QGRQHVLDVLQFH

),*85(2LOSURGXFWLRQSDVWSUHVHQWDQGIXWXUH6SHFLDO7DVN)RUFHIRU8SVWUHDP2LODQG*DV%XVLQHVV$FWLYLWLHV
5HSXEOLFRI,QGRQHVLD

&XUUHQWO\ WKHPRVW DFWLYLWLHVRI RLO SURGXFWLRQ VWDJH DUHXQGHUSULPDU\DQG VHFRQGDU\ UHFRYHU\7KHVH VWDJHV
KDYHEHHQLPSOHPHQWHGLQDOPRVWRIRLOILHOGLQ,QGRQHVLD,QWKHSULPDU\UHFRYHU\WKHRLOSURGXFHRQO\E\XVLQJ
SXPSZLWKRXW PDNH XVH RI H[WHUQDO HQHUJ\ WR SXVK WKH RLO RXW IURP WKH UHVHUYRLU0HDQZKLOH LQ WKH VHFRQGDU\
UHFRYHU\RLOFRPSDQLHVLQMHFWVRPHDPRXQWRIZDWHUWRLQFUHDVHRUPDLQWDLQWKHSUHVVXUHLQWKHUHVHUYRLUZKLFKKDV
EHHQGHSOHWHGGXULQJWKHSURGXFWLRQWLPH,QDGGLWLRQWKLVPHWKRGDOVRXVHVWKHZDWHUWRSXVKRLOIORZLQJLQWRWKH
ZHOO)LJXUHVKRZVWKHSURGXFWLRQVWDJHLQYROYHVSULPDU\VHFRQGDU\DQGWHUWLDU\UHFRYHU\LQ,QGRQHVLD%DVHGRQ
WKLV ILJXUH DOPRVW RI RLO ILHOGV DUH XQGHU SULPDU\ DQG VHFRQGDU\ UHFRYHU\ VWDJHV+RZHYHU RQH RI HQKDQFHG RLO
UHFRYHU\PHWKRGKDVEHHQLPSOHPHQWHGLQ&HQWUDO6XPDWUD%DVLQDQGXQWLOQRZLWLVWKHRQO\RQHDUHDWKDWDSSOLHG
HQKDQFHGRLOUHFRYHU\LQ,QGRQHVLD
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),*85(2LOSURGXFWLRQSDVWSUHVHQWDQGIXWXUH6SHFLDO7DVN)RUFHIRU8SVWUHDP2LODQG*DV%XVLQHVV
$FWLYLWLHV5HSXEOLFRI,QGRQHVLD
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&KHPLFDO(25WKHPDLQJRDOVLVWRUHFRYHUPRUHRLOE\HLWKHURQHRUDFRPELQDWLRQSURFHVVHVVXFK
DVPRELOLW\FRQWUROE\DGGLQJSRO\PHUV WRUHGXFH WKH LQMHFWHGIOXLG UHGXFLQJRI LQWHUIDFLDO WHQVLRQE\
XVLQJVXUIDFWDQWVRUDONDOLQH&KHPLFDOHQKDQFHGRLOUHFRYHU\LVSURYHQPHWKRGIRULPSURYLQJUHFRYHU\
IURPVHYHUDORLO ILHOGVLQWKHZRUOG7KHVXFFHVVIXORLO ILHOGVZKLFKKDYHEHHQLQMHFWHGXVLQJFKHPLFDO
(25LQFOXGHG'DTLQJ)LHOGLQ&KLQDDQG3HOLFDQ/DNHLQ&DQDGD.RWWXQJDO,QIDFWFKHPLFDO
DFWLYLWLHV IRU LPSURYLQJ RLO UHFRYHU\ FDQ EH GLYLGHG LQWR WZR VWDJHV 7KH ILUVW VWDJH WKH DFWLYLWLHV
FRQGXFWHGHLWKHULQODERUDWRU\DQGRUVLPXODWLRQVWXG\6HFRQGVWDJHLQYROYHGILHOGWULDOVSLORWSURMHFW
DQGIXOOVFDOH LPSOHPHQWDWLRQ,QDQ\FDVH WKHSURJUHVVFKHPLFDODFWLYLWLHV LQYROYLQJODERUDWRU\ZRUN
VLPXODWLRQ DQG ILHOG WULDO RUSLORW SURMHFW KDV EHHQ FRQGXFWHG LQ WKH RLO ILHOGV 6SHFLDO7DVN)RUFH IRU
8SVWUHDP2LO DQG*DV%XVLQHVV$FWLYLWLHV5HSXEOLFRI ,QGRQHVLD )LJXUHD
DQGEVKRZV WKHFKHPLFDO(25DFWLYLWLHVDV ILHOG WULDO LQ WKHRLO ILHOG6HYHUDO ODERUDWRU\VWXGLHVDQG
ILHOGWULDOKDYHFRQGXFWHGXQGHUFKHPLFDO(25DFWLYLWLHVVXFKDVLQ0LQDV7DQMXQJ.DML6HPRJDHWF
7DEOHVKRZVWKHFKHPLFDO(25DFWLYLWLHVLQYROYHGODERUDWRU\VWXG\ILHOGWULDODQGSLORWSURMHFW
 
),*85(D6XUIDFHIDFLOLW\IRUFKHPLFDOVWRUDJH
=XOILNDUHWDO
),*85(E,QMHFWRUDQGPRQLWRUZHOOIRUFKHPLFDO
(25DFWLYLWLHV=XOILNDUHWDO

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)DURXT$OLHPSKDVL]HGWKDWWKHWHFKQRORJ\RI(25LVVRFRPSOH[WKDWLWUHPDLQVDFRVWO\RSHUDWLRQWKH
DPRXQWRIDFWLYLW\ LQ(25GHSHQGVRQRLOSULFH UR\DOW\DQG WD[DGYDQWDJHV7KHRLOSULFHKDVEHHQ IDOOLQJGRZQ
VLQFHODWHLQWKH\HDU7KHHIIHFWRIRLOSULFHLVVLJQLILFDQW,QFXUUHQWFRQGLWLRQLWZLOOEHGLVDGYDQWDJHRXVWR
GHYHORS (25 SURMHFWV LQ ,QGRQHVLD +RZHYHU WKHUH DUH RWKHU EDUULHUV LQYROYHG VXFK DV KXJH LQLWLDO FDSLWDO
LQYHVWPHQWVKLJKFKHPLFDOFRVWGXHWRWKHPDWHULDOLVLPSRUWHGIURPRYHUVHDVODFNRIH[SHUWLVHROGIDFLOLWLHVDQG
ODFN RI GDWD GXH WR ROG RLO ILHOGV 7KHVH EDUULHUV OHDG WR VORZ GRZQ WKH FKHPLFDO (25 DFWLYLWLHV LQ ,QGRQHVLD
+RZHYHUODERUDWRU\UHVHDUFKDQGVLPXODWLRQZRUNDUHVWLOODWWKHIURQWRI(25DFWLYLWLHVLQWKLVFRQGLWLRQ3DU\RHW
DO6XU\RDQG0XUDFKPDQ(QLHWDODQG.ULVWDQWRDQG%LQWDUR
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3ULPDU\ DQG VHFRQGDU\ UHFRYHU\ SURGXFWLRQ VWDJHV KDYH EHHQ LPSOHPHQWHG LQ DOPRVW RI HYHU\ RLO ILHOGV LQ
,QGRQHVLD+RZHYHUE\XVLQJWKLVPHWKRGLWVWLOOOHDYLQJFRQVLGHUDEOHDPRXQWRIRLOLQWKHUHVHUYRLU$FFRUGLQJWR
6SHFLDO7DVN)RUFHIRU8SVWUHDP2LODQG*DV%XVLQHVV$FWLYLWLHV5HSXEOLFRI,QGRQHVLDDQQXDOUHSRUWWKH
UHPDLQLQJRLOLQWKHUHVHUYRLULVDSSUR[LPDWHO\ELOOLRQEDUUHOV/DNHURXJKO\HVWLPDWHVWKHDGGLWLRQDO
RLOUHFRYHU\XVLQJRIFKHPLFDO(25PHWKRGEHWZHHQRIWKHRULJLQDORLOLQSODFH,QWKLVFDVHFKHPLFDO(25
PHWKRGLVDEOHWRVTXHH]HRXWDWOHDVW±ELOOLRQEDUUHOVRLODVDGGLWLRQDORLOUHFRYHU\7KLVLVDKXJHDPRXQW
RIRLODQGLWFDQEHSURGXFHGIRUPDQ\\HDUV
)8785(&+(0,&$/(25$&7,9,7,(6
&KHPLFDODFWLYLWLHVDUHVWLOOSURJUHVVLQJLQUHFHQW\HDUV6RPHXQLYHUVLWLHVDQGRLOFRPSDQLHVDUHFROODERUDWLQJLQ
RUGHU WR JHW SURSHU FKHPLFDO IRUPXODV IRU FHUWDLQ UHVHUYRLU FRQGLWLRQV )RU H[DPSOH ,QVWLWXW 3HUWDQLDQ %RJRU
8QLYHUVLWDV*DMDK0DGD ,QVWLWXW7HNQRORJL%DQGXQJKDV EHHQ FRQGXFWLQJ IXUWKHU VWXG\ IRU FKHPLFDO(25XVLQJ
ORFDOPDWHULDOVXFKDVEDVHGRQSDOPIUXLW7KHVHDFWLYLWLHVDUHYHU\LPSRUWDQWLQGHYHORSLQJFKHPLFDO(25LQWKH
QHDUIXWXUH'HPDQGRIFKHPLFDOIRU(25DFWLYLWLHVDUHYHU\KLJKWKHWRWDODPRXQWRIFKHPLFDOIRUFXUUHQWSURMHFWV
LVDSSUR[LPDWHO\PLOOLRQ WRQV6XPLUDW&KHPLFDO(25KDYHVWLPXODWHGUHVHDUFKHUVIURPXQLYHUVLWLHV IRU
FRQGXFWLQJODERUDWRU\VWXG\VLQFHVHYHUDO\HDUVDJR)LJXUHVKRZVVRPHRIFKHPLFDO(25DFWLYLWLHVLQWKHRLOILHOG
VLQFH7KLVILJXUHVKRZVWKDWDYHUDJHFKHPLFDO(25DFWLYLWLHVKDYHEHHQUDLVHGIURPWR+RZHYHUD
7$%(/&KHPLFDO$FWLYLWLHVLQ,QGRQHVLD
1R )LHOGV1DPH 6WDWXV (257\SH <HDU 3URYLQFH
 :LGXUL 3LORW3URMHFW 3RO\PHU  1RUWK-DNDUWD2II6KRUH
 /LPDX 3LORW3URMHFW $63  6RXWK6XPDWUD
 0LQDV )LHOG7ULDO 3RO\PHU  5LDX
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